The c-jun proto-oncogene encodes a prototypical member of the AP-1 transcription factor family. c-Jun heterodimerizes with members of the Jun/Fos and MaF/Nr1 families through a leucine zipper motif. AP-1 proteins, in turn, regulate transcriptional activity of downstream target genes or interact directly to influence transcription through association with other transcription factors (13, 23, 28, 39) . Phosphorylation of the c-Jun N-terminal kinase (JNK) subgroup of mitogen-activated protein (MAP) kinases plays a key role in responding to diverse stress signals (28) . JNK activation has been linked to both the inhibition and induction of cellular apoptosis and to the regulation of cellular migration (26, 68, 69) .
The migration of cells plays a critical role in a broad variety of biological processes including cellular development, tissue repair, and metastasis of tumors (29, 34, 42) . Initiation of cellular migration requires cell substratum adhesion interaction and the sequential generation of membrane protrusions (36) . Actin polymerization provides both protrusive activity and directionality of cellular movement. New adhesive sites are sequentially established in the extended membranes. Motile cells constantly remodel transient adhesions at the leading edges (43) . In fibroblasts, focal complexes form which mature into focal adhesions. Remodeling of these focal adhesions is important, as cell motility is a dynamic balance between contractual forces driving the cell body forward and detachment of the posterior edge of the cell from its substratum. Cellular migration is induced by a variety of growth factors and cytokines. Stem cell factor (SCF), and its receptor Kit, play pivotal roles in cellular migration as well as differentiation, proliferation, and migration (74) . SCF exists as a secreted soluble form and as a membrane-bound glycoprotein (15, 73) . Complete absence of SCF in the mouse is embryonic lethal (15) , and SCF binding to Kit induces cellular migration of diverse cell types including neural stem cells and endothelial cells (33) . SCF directly activates microvascular endothelial cells to promote tumor angiogenesis (55) . Intracellular kinases are activated consequent upon ligand-induced dimerization and transphosphorylation of Kit, a type III receptor proteintyrosine kinase (70) . The relative importance of SCF-induced JNK, Akt, and extracellular signal-regulated kinase (ERK) activity to cellular migration remains to be fully understood.
c-jun Ϫ/Ϫ mice die in gestation from cardiovascular and hepatic defects (12) . Therefore, to examine the role of c-Jun in cellular adhesion, migration, and directional persistence, transgenic mice carrying floxed c-jun alleles (c-jun f/f ) in which the gene was flanked by loxP sites were used herein. Acute excision of c-jun using Cre recombinase identified a key role for c-Jun in cellular adhesion. Within 48 h of c-jun excision, c-jun
fibroblasts were round and flat and demonstrated greater cellular spreading. Cellular adhesion was enhanced in c-jun Ϫ/Ϫ murine embryonic fibroblasts (MEFs), associated with increased stress fiber formation and reduced migration into a wound. c-Jun induced both the velocity of cellular migration as well as directional persistence. The reduced persistence of migratory directionality of c-jun Ϫ/Ϫ cells was reversed by the Forward  ATA GGC TAG CAG CAC AGA CTT CCC TCC ACA AAG T  Reverse  CAT GGA AGC TTT GTG GCG ACT CCG TTT AGC T  c-jun genotyping  Forward  CTC ATA CCA GTT CGC ACA GGC GGC  Reverse  CCG CTA GCA CTC ACG TTG GTA GGC  Reverse  CAG GGC GTT GTG TCA CTG AGC T  RPL-19 (DNA PCR)  Forward  AAT GCT CGG ATG CCT GAG AA  Reverse  CTC CAT GAG GAT GCG CTT GT  Cre recombinase  Forward  TGC TCT GTC CGT TTG CCG  Reverse  ATC GTG TCC AGA CCA GGC  RPL-19 (for RT- Fig. 11 ).
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Cells were plated on fibronectin-coated glass coverslips and grown to approximately 80% confluence, and scanning electron microscopy was conducted as described previously (35) .
Cell adhesion assay. Ninety-six-well cell surface matrix-coated strip-well tissue culture plates (no coating, collagen I, collagen IV, poly-L-lysine, laminin, fibronectin, and vitronectin) were used for cell adhesion assays. Equal numbers of cells were seeded at the bottom of each coated well and allowed to adhere by incubating the plates at 37°C in 5% CO 2 for planned intervals. Strip-wells containing adherent cells were removed at 30 min, 1 h, 1.5 h, 2 h, 3 h, and 4 h; cells were fixed in 1% glutaraldehyde for 10 min and stained with 0.1% crystal violet for 30 min. Following PBS washes, 100 l of 0.5% Triton X-100 was added to each well to lyse the cells and extract dye by incubating the plates overnight at room temperature with gentle shaking. Quantitation of extracted dye was conducted by measuring the absorbance at 595 nm. For each cell surface matrix, the background was noted from a coated well with no cells seeded and subtracted to obtain the actual values of absorbance at 595.
Assays of cell motility, migration, and invasion. Cells were plated on plastic dishes coated with 10 g/ml fibronectin and cultured overnight in DMEM containing 5% fetal bovine serum. Cell movements were monitored using a Zeiss inverted microscope. Video images were collected with a charge-coupled-device camera (model 2400) at planned intervals, digitized, and stored as images using Metamorph, version 3.5, software (18) . Images were converted to QuickTime movies, and the positions of nuclei were tracked to quantify cell motility. Cellular velocity was calculated in micrometers using Metamorph software. The effect of kinase inhibitors on cell migration were determined after culturing the cells with 25 M PD98059, 25 M LY294002, 25 M SB203580, 25 M SP600125, 10 M Y27632, 10 M H-1152, and 10 M HA-1100 (6, 10, 27, 47, 49, 67) . Prior to an examination for effects on cell motility, analyses were conducted for 3 h. At this time point, the persistence for migratory directionality was determined as a relative D/T ratio representing the ratio of the direct distance (D) from start point to end point divided by the total track distance (T) (18) . Net displacements were measured every 15 min from start point to end point. Data from at least 100 cells were collected for each set or treatment.
Migration of cells across a membrane was determined using a Boyden chamber, as previously described (31, 32) . A gradient of SCF was created through the addition of SCF (0.5 ng/ml) to the lower chamber. Analysis of three-dimensional invasive activity was conducted as previously described (44) . A total of 10 5 cells were embedded in 100 l of collagen in a 96-well plate and cultured for 24 h. The collagen-cell plugs were transferred to 24-well plates and embedded in 1 ml of collagen and cultured for 5 days. Migration from the central plug into the surrounding collagen was monitored by phase-contrast microscopy.
Cytokine array analysis. Mouse cytokine arrays spotted on nitrocellulose membranes were obtained from Raybiotech (Norcross, GA). Conditioned medium from Ad-Null-and Ad-Cre-treated c-jun f/f cells was prepared by culturing cells in serum-free DMEM for 24 to 48 h. Membranes were then processed according to the manufacturers' instructions for assessment of secreted cytokines and growth factors present in conditioned medium.
Real-time PCR, ChIP assays, and enzyme-linked immunosorbent assay (ELISA). All gel-based PCRs and reverse transcription-PCRs (RT-PCRs) were done with an ExTaq DNA Polymerase kit (Takara Shuzo, Shiga, Japan) using the oligonucleotide primers listed in Table 1 . RNA was extracted using a standard guanidinium isothiocyanate method, RQ1 DNase I (Promega, Madison, WI) treated, and phenol-chloroform extracted. RNA quantitation was done in an Agilent 2100 Bioanalyzer (Palo Alto, CA), and equal quantities were used for the reverse transcription reactions. Primers for all the genes including housekeeping control gene transcripts were either designed using Primer Express 5.1 (Applied Biosystems Inc., Foster City, CA) (Table 1) or referenced from Sugimoto et al. (54) . Chromatin immunoprecipitation (ChIP) analysis was performed according to a standard protocol provided by Upstate Biotechnology, Inc., with minor modifications (14, 22) . PCR amplifications were done using a Takara ExTaq Kit and oligonucleotide primers listed in Table 1 . PCR amplification was carried out for a region not containing any AP-1 site within the SCF promoter to serve as a control (negative) for sonication.
For ELISA, cells were seeded at 80% of confluence, and the growth medium was changed 24 h later to basal medium containing 0.1% bovine serum albumin after samples were washed with PBS. Forty-eight hours later, the conditioned medium was collected, and supernatant was obtained by centrifugation at 2,000 rpm for 5 min, followed by filtration through a 0.45-m-pore-size membrane filter. SCF in the conditioned medium was measured using a mouse SCF ELISA kit (Raybiotech, Narcross, GA) in triplicate, as per the manufacturer's recommendations, and normalized by the total protein levels in the medium of each individual sample. The TGF-␤ and EGF ELISA assays were conducted using a mouse TGF-␤ Quantikine ELISA Kit (R&D Systems, Inc., Minneapolis, MN) (11) and a Mouse EGF Quantikine ELISA kit (R&D Systems, Inc., Minneapolis, MN) (8), respectively. Experiments were conducted at least three separate times.
Measurement of ROCK activation. Rho-associated protein kinase (ROCK) activation was assessed by a CycLex Rho kinase assay kit (Cyclex Co., Ltd., Nagano, Japan) which uses the myosin-binding subunit of myosin phosphatase as a substrate (59) . To exclude the activity of other kinases from the results, the absorbance values obtained from ROCK inhibitor-treated lysates were subtracted from total absorbance. (Fig. 1D ), but c-jun Ϫ/Ϫ cells adhered to tissue culture plates showed greater cellular spreading by phase-contrast microscopy (Fig. 1E) ; this observation warrants further analysis.
RESULTS

Endogenous c-
To examine the morphology of cells deleted of c-Jun, scanning electron microscopy was conducted ( Fig. 2A) . Fibroblasts demonstrated an elongated bipolar fibroblastoid shape, either in the absence of adenovirus or in the presence of a control adenovirus. The addition of adenovirus-expressing Cre resulted in both c-jun excision and a change in cellular morphology. Cells deleted of c-jun were rounder and flatter ( Fig. 2A) . Stress fiber formation assessed by phalloidin (Fig. 2B) confirmed the spread morphology and demonstrated a peripheral distribution of stress fibers in c-jun Ϫ/Ϫ cells (Fig. 2B ). In order to examine whether the round morphology of c-jun Ϫ/Ϫ cells correlated with increased cellular adhesion, assays were conducted on distinct substrata (Fig. 2C ). Adhesion analyses were conducted at several time points. In order to determine the effect of substratum adhesion, a comparison was made between c-jun Ϫ/Ϫ and c-jun ϩ/ϩ cells at 30 and 240 min. c-jun
cells were more adherent than c-jun ϩ/ϩ cells at 240 min. For ease of comparison of the effect of the substratum upon the increase in adhesion, at initial contact (30 min) was normalized to 100%. A relative increase in adhesion was observed in c-jun ϩ/ϩ versus c-jun Ϫ/Ϫ for cells plated on laminin and vitronectin ( Fig. 2C and D) . rectionality (18) . Video microscopy was undertaken of wound closure ( Fig. 3A and B) to determine a detailed analysis of the cellular velocity of c-Jun-deficient cells (Fig. 3C ). Wound closure was delayed in c-jun Ϫ/Ϫ cells (Fig. 3B) . The c-jun Ϫ/Ϫ cells showed reduced (ϳ45%) cellular velocity ( Fig. 3C ) (P Ͻ 0.05).
The relatively greater defect in wound closure rate compared with the reduction in cellular velocity of c-jun Ϫ/Ϫ cells suggested that a defect in directional persistence may contribute to defective wound closure. Analysis was therefore conducted of the persistence of migratory directionality (PMD). Representative examples of cell movement plated on fibronectin-coated slides tracked at 15-min intervals over 3 h were used to determine the role for c-Jun in persistence of migratory directionality (Fig. 3D) . The quantitation of PMD was undertaken using a relative D/T ratio, representing the ratio of direct distance from the start point to the endpoint divided by the total track distance (18) . c-Jun-deficient cells showed a 66% reduction in persistence of directionality (Fig. 3D) .
To determine whether c-Jun was sufficient to reverse the defect in cellular migration, c-jun Ϫ/Ϫ MEFs were transduced with a retroviral expression vector encoding c-Jun. c-jun f/f cells were transduced with Ad-Cre or Ad-control and then sequentially transduced with a retrovirus expression vector encoding IRES-GFP or c-Jun-IRES-GFP. Reanalysis was conducted 48 h posttransduction with the retrovirus encoding c-Jun. c-Jun expression reversed the defect in cellular velocity and migratory directionality (Fig. 4) .
The effect of c-Jun on the cellular area of adherent cells was next assessed. Deletion of c-jun increased the cellular area ( Fig. 5A and C) . Reintroduction of c-jun by viral transduction, reduced the cellular area compared to that of wild-type control cells ( Fig. 5A and C) . Studies were undertaken to determine whether c-Jun was capable of rescuing the defect in cellular migration, or whether the defect in migration was being maintained by secondary effects, independent of c-Jun. Reintroduction of c-jun into the c-jun Ϫ/Ϫ cells also rescued the abundance of c-Jun protein, which was very similar to c-jun ϩ/ϩ cells, as assessed by Western blot analysis ( in the supplemental material). The abundance of SCF was, however, reduced by 35% (Fig. 7A) . In order to determine the mechanisms by which c-Jun regulated SCF abundance, an ELISA was conducted for secreted SCF in conditioned medium (Fig. 7B) . c-jun deletion reduced SCF protein abundance from 500 pg/ml to 200 pg/ml (Fig. 7B) . The mRNA levels of the secreted (KL-1) and membrane-bound (KL-2) forms of SCF were determined by real-time quantitative RT-PCR from cjun f/f cells treated with Ad-Null and Ad-Cre (Fig. 7C) . The relative quantitation data obtained from real-time quantitative RT-PCR shown in the Fig. 7C was normalized to expression of the housekeeping gene 18S rRNA using ABI SDS 2.1 software. SCF mRNA levels were reduced more than 80% in c-jun
cells compared with the wild-type control (Fig. 7C) . Several other known c-Jun target genes assessed as a form of positive control also showed reduced expression in c-jun Ϫ/Ϫ cells, including twist homolog 1, twist homolog 2, and twist neighbor (Fig. 7D) .
To determine whether the reduction in SCF abundance in c-jun Ϫ/Ϫ cells contributed to the defect in cellular migration, c-jun Ϫ/Ϫ cells were treated with SCF. The addition of 0.5 ng/ml SCF completely reversed the defect in cellular migration (Fig.  8A ) velocity and directionality ( Fig. 8 B and C, bars 7 versus 8) . Immunoneutralizing antibody to SCF was used to examine its ability to inhibit migration of c-jun ϩ/ϩ cells. SCF immunoneutralization reduced cellular velocity and persistence of migratory directionality by 40% (Fig. 8B and C, bars 4 versus 6) . Collectively, these studies suggest that the reduced SCF production in c-jun Ϫ/Ϫ contributes to the defect in velocity and directionality of cellular migration. To determine whether the increased cellular adhesion observed in c-jun Ϫ/Ϫ cells (Fig. 2 ) was a function of defective SCF secretion, adhesion assays were conducted. Addition of SCF reduced cellular adhesion of c-jun Ϫ/Ϫ cells particularly when cells were plated on laminin or vitronectin (Fig. 8D) .
Transmigration or migration across a cellular membrane was next assessed using a Boyden chamber. c-jun Ϫ/Ϫ cells were defective in transmigration compared with c-jun ϩ/ϩ cells (Fig.  9A ). The addition of SCF (0.5 ng/ml) promoted transmigration of c-jun Ϫ/Ϫ cells and fully rescued the defect in transmigration, while immunoneutralizing antibody to SCF reduced migration of c-jun ϩ/ϩ cells by 40% (Fig. 9B) . The restoration of c-jun
cellular transmigration by SCF is consistent with a role of reduced SCF production leading to a migration defect. In order to determine the role of c-jun in cellular invasion, the ability of cells to invade a collagen matrix in three dimensions was assessed (44) . The invasive phenotype displayed by cells negotiating three-dimensional extracellular matrix barriers is a more complex form of cellular behavior and may more closely the SCF promoter demonstrated the presence of a canonical AP-1 binding site(s) (Fig. 11) . The activity of the murine SCF promoter was reduced by 80% in c-jun Ϫ/Ϫ cells when normalized for transfection efficiency using the Renilla luciferase reporter gene, pRL-LUC (Fig. 11A) . Transfection of c-jun (Fig.  11B) . In order to determine whether the SCF promoter functioned as direct transcriptional target, deletion mutation of the SCF promoter AP-1 sites was conducted. Comparison was made between the SCF-wt and SCF-AP-1 mutant promoters. c-Jun induced the SCF promoter but failed to induce the SCF-AP-1 mutant promoter (Fig. 11C) . The SCF promoter was 5-to 10-fold more active than the luciferase vector control in the presence of c-jun while the SCF-AP-1 mutant reporter conveyed basal activity to the luciferase vector under identical conditions. The finding suggests that the AP-1 sites function as both basal level and c-Jun-responsive enhancer elements.
To determine whether c-Jun bound the SCF promoter in the context of local chromatin, ChIP assays were conducted. Oligonucleotide primers designed to the proximal SCF promoter (designated "negative" in Fig. 11D ) failed to amplify genomic SCF sequence in the presence of the c-Jun immunoprecipitate, indicating the efficiency of sonication. Amplification of SCF promoter sequences was observed with primers directed to the AP-1 site and three other AP-1 like elements in the SCF promoter. ChIP assays conducted on c-jun f/f cells treated with Ad-Cre abrogated c-Jun occupancy at the SCF promoter AP-1 site (Fig. 11D) . Thus, c-Jun induces SCF protein and mRNA abundance and c-Jun induces the SCF promoter through a DNA-binding-dependent mechanism.
DISCUSSION
The current studies demonstrate an essential role for c-Jun in regulating the velocity of cellular migration and directional persistence. Wound healing is known to induce the expression of AP-1 transcription factors (16) . c-Jun together with Jun-B, (55) . Complete absence of SCF, which is encoded by the mouse steel locus (S1), or Kit kinase, leads to embryonic or perinatal lethality from anemia. In humans, gain-of-function mutations of c-kit occur in human cancers (gastrointestinal stromal tumors, mystocytomas, T-cell lymphomas, and dysgerminomas [19] ), and paracrine or autocrine activation of kit has been implicated in other human malignancies including ovarian and lung cancers (25) . The correlation between Kit expression and functional measurements of pluripotentiality suggests that kit may be a useful marker for stem cells (38) . SCF expression is upregulated in tumors in a grade-dependent manner, and high SCF expression correlates with short patient survival (55) . Tumor cells with the strongest SCF expression are found within the tumor-infiltrating border, and c-jun is expressed predominantly at the infiltrating tumor edge (63) . Collectively, these studies are consistent with a model in which c-Jun-mediated SCF production may contribute to tumor progression.
Both TGF-␤ and EGF have been implicated in cellular migration during Drosophila development (72) . Neither TGF-␤ or EGF were represented on the arrays used. TGF-␤ and EGF production was reduced in c-jun Ϫ/Ϫ MEFs, as determined by ELISA, approximately 25% and 60%, respectively (see Fig.  S1B in the supplemental material). We examined the possibility that TGF-␤ or EGF may also promote migration of c-jun Ϫ/Ϫ cells. Although addition of supraphysiological concentrations of EGF (10 ng/ml) and TGF-␤ (10 ng/ml) rescued in part the PMD defect of c-jun Ϫ/Ϫ cells, physiological concentrations (EGF at 20 pg/ml and TGF-␤ at 100 pg/ml) did not rescue the migration defect (see Fig. S1C to E in the supplemental material). These findings indicate that in cells acutely deleted of c-jun, the receptor signaling pathway for TGF-␤ and EGF remains intact. Furthermore, these studies suggest that supraphysiological or pathological but not physiological concentrations of EGF and TGF-␤ may play a role in c-jun-mediated migration. TGF-␤ is a known target of c-Jun in mammalian cells (62) . The current findings are consistent with previous studies in Drosophila melanogaster, in which a key role for c-jun kinase in cellular migration is evidenced by dorsal closure. Mutations of hemipterous and basket, the Drosophila homologs of human JNKK and JNK, respectively, are associated with failed closure of the dorsal cuticle. Drosophila JNK is activated transiently immediately prior to dorsal closure, facilitating amnio serosa contraction in adhesion complexes in adjacent cells (37) . It has been proposed this activity may contribute to the anterior movement of dorsal epithelium. Drosophila JNK activity persists in leading-edge epithelial cells to promote ongoing expression of the TGF-␤ homolog decapentaplegia (52) . decapentaplegia is known to promote cellular migration in an autocrine fashion at the epithelial cell edge (17) . The findings herein that the c-jun Ϫ/Ϫ cellular migratory defect is rescued by supraphysiological concentrations of TGF-␤ suggests that the loss of TGF-␤ production in c-jun Ϫ/Ϫ cells may contribute to defective migration in murine fibroblasts under a subset of circumstances.
Mouse embryonic eyelid closure requires both the proliferation of epithelial cells and the migration of epithelial sheets (51, 57) . Defective eyelid closure has been demonstrated in mice defective in genes encoding growth factors and their receptors, including EGF receptor (EGFR), TGF-␣, activin␤B, and MEKK1. The ablation of genes encoding activin␤B, the TGF-␤ family, and ROCK I/II results in defective eyelid closure (58, 61) . Thus, both the TGF-␤ activin, MEKK1, and JNK pathway and the TGF-␣/EGF␣ and ERK pathway contribute to active stress fiber formation and cellular migration. The destruction of either pathway in vivo appears to result in the failure of eyelid closure in mice. As the rescue of PMD in Our results contrast with studies of more prolonged c-jun excision in keratinocytes of these mice. K14-Cre; K5-Cre-2; c-jun ⌬EP mice resulted in a failure of eyelid fusion during embryogenesis, and mice were born with the "eyes open" phenotype (30, 71) . c-jun-deficient keratinocytes expressed less phosphorylated EGFR (71) , suggesting that a reduction in EGFR function may have contributed to defective migration. These differences may either relate to a cell-type-specific function of c-jun or reflect acute (this study) versus chronic (30, 71) effects of c-Jun deletion. Acute deletion of the retinoblastoma (Rb) gene in primary quiescent cells is sufficient for cell cycle reentry and has a phenotypic consequence that is different from germ line Rb functional inactivation (45) . Such differ- ences may be due to functional compensation by Rb-related proteins. Somatic excision of c-jun in the central nervous system blocks perineuronal sprouting, lymphocyte recruitment, and microglial activation. c-jun-deficient motor neurons show reduced target muscle reinervation (41) . c-jun-deficient neurons expressed reduced galanin, ␣7␤1, and CD44, the expression of which contributes to normal neuronal regeneration (41) . It will be of interest to assess further the paracrine secretory deficiencies of c-jun Ϫ/Ϫ keratinocytes to better understand the cell-type-specific function of c-jun in cellular migration.
Kit activation induces multiple downstream signaling pathways including JNK, ERK, Akt, and PI3-kinase. In the current studies multiple intracellular kinase signaling pathways contributed to the migration of wild-type MEFs including the PI3-kinase, ERK, JNK, and MAP kinase pathways (see Fig. S2 in the supplemental material), consistent with previous studies implicating these kinases in fibroblast migration (20, 21) . The PI3-kinase pathway has been implicated in the cellular migratory response to growth factor signals including EGF (46, 48) . MAP kinase activity is known to accelerate the immediate cell motility in some, but not all, cells (9, 24) . The role of candidate intracellular signaling pathways was determined. Specific inhibitors for each of the MAP kinase pathways and PI3-kinase activity were used at the dose shown in many prior studies to inhibit the relevant pathway (6) without directly affecting viability (cellular viability was confirmed in the current studies in the presence of inhibitor). The Jun kinase inhibitor SP600125 reduced basal PMD of the cells (see Fig. S2A and C in the supplemental material). This concentration of SP600125 is consistent with the dose used in previous studies (6) and did not affect cell viability. The PI3-kinase inhibitor LY 294002 did not affect PMD but blocked Ras activation of a multimeric AP-1 reporter gene in our previous studies (3) . Both the p38 and ERK inhibitors (SB203580 and PD98059) reduced basal level PMD. The ROCK inhibitor Y27632 did not affect wildtype MEF migration but enhanced c-jun Ϫ/Ϫ MEF migration. A similar rescue of migration was observed with specific ROCK inhibitors, H-1152 and H-1100 (see Fig. S3A to D in the supplemental material). The mechanism by which c-jun deletion and reduction in SCF leads to altered responsiveness to ROCK inhibitors remains to be determined.
Imatinib (Gleevec) is a small-molecule inhibitor of signaling by SCF through c-Kit, in addition to blocking Abl and plateletderived growth factor signaling. As SCF promotes tumor cell proliferation and angiogenesis and c-Jun is frequently overexpressed in a broad array of human tumors, SCF inhibitors may thus provide adjunctive value in c-jun-expressing tumors. Given the important role of c-Jun as a bona fide oncogene (13, 23) and the common finding of c-Jun overexpression in tumors, it will be important to assess further the relative importance of SCF secretion mediated by c-Jun in regulating tumor metastases.
